This paper reports on the catalytic reaction for the conversion of silicon tetrachloride (STC) to trichlorosilane (TCS) over pretreated ordered mesoporous carbon (OMC) catalysts by oxygen (denoted as OMC-O 2 ) and hydrochloric acid (denoted as OMC-HCl) at 300 C under N 2 atmosphere. The OMC-O 2 shows significantly improved the surface area (1341.2 m 2 /g) and pore volume (1.65 cm 3 /g), which resulted in the highest conversion rate of 7.3% as compared to bare OMC (4.3%) and OMC-HCl (5.7%). It is found that the conversion rate of STC to TCS is proportional to the number of Si-O bond over OMC catalysts, which suggests that Si-O-C bond formation is crucial to the reaction as active sites. The O 2 pretreatment seems to promote the generation of oxygenated species for the formation of Si-O-C.
INTRODUCTION
Last few decades, silicon (Si) solar cells industries, R&D groups, and researchers are devoted numerous efforts to reduce the production price of solar grade polysilicon (SoG-Si). Recent European economic crisis allows the certain entry of China in the photovoltaic market and visibly observes the drastic reduction in the prices of SoG-Si i.e., up to 23.2$/Kg or less. 1 A survey report reveals that the SoG-Si production was globally increased approximately of 227,000 tons in 2013. 2 Until now the poly-Si production based on trichlorosilane (TCS, HSiCl 3 )-Siemens process is covering around 75% of total poly-Si worldwide. 3 Recycling process and poly-Si from TCS are realized as alternative way to reduce the poly-Si production cost.
The production of poly-Si through the chemical vapor deposition (CVD) process of TCS (SiHCl 3 ) is released the * Author to whom correspondence should be addressed. silicon tetrachloride (STC, SiCl 4 ) as a major byproduct, 4 as represented in reaction (1) .
In the above process, 1 mole of Si is converted to poly-Si, however, 3 to 4 moles of STC are formed by the consuming large amounts of chlorine and valuable silicon. 5 Thus, to minimize the production cost of polySi, the byproduct STC is needed to use as a reactant for producing the TCS via an efficient process with low cost. In general, TCS is prepared by hydrochlorination of metallurgical grade Si (MG-Si) using the batch reactor, which is displayed in the following reaction (2) and (3); 5 6 Si s + 3HCl = HSiCl 3 + H 2 (2) Si s + 4HCl = SiCl 4 + 2H 2 (3) Delivered by Publishing 
Both STC recycling processes involves a thermal reaction at high temperatures exceeding 1000 C and high pressures, which often have several disadvantages such as the high energy consumption and undesirable chlorosilane products. 3 Therefore, it is realized to develop suitable process such as catalytic process for the conversion of STC to TCS at low temperature with less impurity. 7 Recently, the carbon and its composites have shown the good catalytic activity towards the conversion of STC to TCS. 7 Among various carbon materials, ordered mesoporous carbon (OMC) are presented the unique properties such as high specific surface area, high electrical conductivity and good stability in acid and alkaline media. 8 In this work, the effect of pretreatment of OMC on the catalytic activity of STC conversion to TCS was studied. The oxygen pretreated OMC showed the high activity as compared to the hydrochloric acid pretreated OMC, owing the generation of oxygenated species for the formation of Si-O-C as an active site.
EXPERIMENTAL DETAILS

Pretreatment on OMC Catalyst
Ordered mesoporous carbon (OMC) was synthesized by employing the previously reported method. 9 The oxygen (O 2 ) and hydrochloric acid (HCl) pretreatments were carried out for improving the surface properties of prepared OMC. The pretreatment was carried out in the U-tube reactor under highly controlled high temperature reactor. First OMC powder was packed into the U-tube and connected the O 2 gas line or HCl vapor line under N 2 atmosphere. O 2 and HCl pretreatments were executed at 300 C for 2 h which were denoted as OMC-O 2 300 C and OMCHCl300 C, respectively. After completion of pretreatment, the OMC was taken out after cooling under nitrogen gas flow to room temperature and finally OMC materials were reduced at 500 C with H 2 under N 2 Flow.
Catalytic Reaction Setup
The catalytic hydrodechlorination of STC to TCS was carried out using the fixed bed reactor consisting of quartz U tube with the dimensions (length: 450 mm, inner diameter: 25 mm). In the beginning, OMC (200 mg) catalyst was placed on a fritz plate positioned inside a quartz tube and then introduced STC into the reactor tube from a STC saturator by N 2 gas and the temperature of STC saturator was maintained at 25 C by heating bend. The flow rate of H 2 and STC, N 2 gas mixtures was kept 463 ml/min and H 2 /STC molar ratio was optimized to 4 for all reactions. The conversion rate of STC to TCS was monitored by the gas chromatograph (Model 7890 A, Agilent) in every 40 min. Figure 1 shows the conversion of STC to TCS with respect to reaction time over the pretreated OMC catalysts. The catalytic activity of OMC-O 2 300 C catalyst exhibits the highest conversion rate of 7.27% for STC to TCS conversion at 700 C. Under the same condition, the bare OMC and OMC-HCl300 C show the lower conversion rates of 4.29% and 5.73%, respectively. However, the conversion of STC to TCS without catalyst records the Figure 2 shows the field emission scanning electron microscopic (FESEM, Model S4800, HITACHI) images of OMC catalysts before and after catalytic reactions. The O 2 pretreatment significantly improves the porous nature of OMC, as visible in the Figure 2(c) .
RESULTS AND DISCUSSION
The OMC particles are agglomerated and increase the size of particles after catalytic conversion reaction. However, bare OMC and OMC-HCl catalysts display the less porous and uniform OMC particles, which are also aggregated after catalytic reactions. The agglomeration of OMC particles suggests the deactivation of catalytic surfaces after the reaction. Importantly, the pretreatment on OMC catalysts considerably enhances the surface area, porosity and pore volume, which might increase the active sites over the surface of OMC and conversion rate of STC to TCS.
The surface properties of OMC catalysts are summarized in the Table I . Bare OMC exhibits the BET surface area of 1268.7 m 2 /g with pore volume of 1.57 cm 3 /g and pore size of 51.2 Å. After pretreatment with O 2 and HCl, the surface area, pore volume and pore sizes are increased. OMC-O 2 catalyst obtains the highest surface area of 1341.2 m 2 /g pore volume of 1.65 cm 3 /g and pore size of 50.2 Å. This observation confirms that the pretreatment of HCl and O 2 is increment the surface properties of OMC catalysts due to the generation of surface defects by oxygenated species or Cl − ions and structural changes.
10 Figure 3 shows the correlation between the conversion of STC to TCS and surface areas/pore volumes of OMC catalysts. The conversion rates of STC to TCS increases with the increase of surface area and pore volume of the OMC catalysts. It is reported that the generation of active sites on the carbon surface are dependent on the thermal history of material such as heat treatment and heat pretreatment, which causes the surface changes in quantify the carbon active sites. 11 The O 2 treatment on OMC might originate the large number of oxygenated species, resulting in the high amount of active sites over the OMC. In support, the generation of oxygenated species might beneficial for the adsorption of Si species (-Si-Cl of STC) over carbon surface. Therefore, OMC-O 2 might create large number of active sites for the high conversion of STC to TCS through the intermediate metal silicides on the carbon surface. To understand the interaction of STC to carbon surface, the structural characterization of OMC catalysts has been done after catalytic conversion of STC to TCS. Figure 4 shows FTIR spectra of OMC catalysts after reaction. All catalysts display similar IR bands at ∼3520 cm −1 , ∼1490 cm −1 and ∼1135 cm −1 cm −1 , corresponding to O-H, C C and Si-O groups on the surface of OMC. [12] [13] [14] [15] The appearance of OH and C C bonds confirms the nature of carbon. 
CONCLUSION
The surface analysis revealed that O 2 pretreatment significantly enhanced the surface area, and pore volume of OMC as compared to bare OMC and OMC-HCl. The OMC-O 2 catalyst exhibited the highest conversion rate of 7.3% for the catalytic hydrodechlorination of STC to TCS as compare to the bare OMC (4.3%) and OMC-HCl (5.7%) catalysts. The conversion rate of STC to TCS is proportional to the number of Si-O bond over OMC catalysts, which suggests that Si-O-C bond formation is crucial to the reaction as active sites. The O 2 pretreatment seems to promote the generation of oxygenated species for the formation of Si-O-C. This result would offer the promising pretreatment tool for the developing a stable and effective catalyst for STC to TCS conversion.
